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H I G H L I G H T S
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•

A new geospatial framework for mapping the USA Corn Belt is presented.
Mapped patterns are deﬁned for different user-speciﬁed levels of corn intensity.
Temporal changes in the Corn Belt were explored and may be updated.
The Corn Belt and related irrigated areas link food, biofuel, and water security.

a r t i c l e

i n f o

a b s t r a c t
The “Corn Belt” is a commonly used term, but often referenced as a vaguely deﬁned region in the Midwest USA. A
few key studies have delineated synoptic maps of the Corn Belt boundaries going back to the early 20th century,
but a modern ﬂexible and accessible framework for mapping the Corn Belt in space and time is needed. New tools
provide reference maps for the Corn Belt in the 21st century and the ability to quantify space-time changes in
corn cropping patterns. The Landuse and Agricultural Management Practices web-Service (LAMPS) was used
to estimate the average corn (maize, Zea mays L.) area in each county of the contiguous 48 USA states for the
years 2010–2016. LAMPS provides a modiﬁed areal Fraction of corn (Fc) used to map the Corn Belt at three intensity levels, for example. The resulting patterns illustrate a mostly contiguous Midwest Corn Belt surrounded by
more scattered regions, including southern and eastern regions. We also mapped irrigated areas and temporal
changes in Fc. Mapped patterns have the potential to help researchers study issues related to food, feed, biofuel,
and water security.
Published by Elsevier B.V.
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1. Introduction
Corn is the most important grain crop globally, used for human food,
livestock feed and biofuel (ethanol production). Over 36% of global corn
production is in the USA, largely within the Midwest Corn Belt (Ort and
Long, 2014). The Corn Belt is generally considered the region of the USA
extending across 12 Midwest states (Panagopoulos et al., 2015), largely
planted in a corn-soybean rotation (Suyker and Verma, 2012). Even
though maps of the Corn Belt and corn production areas date back to
the year 1919 (Baker, 1927), the term “Corn Belt” is often subjectively
deﬁned and therefore geospatially variable. It has been coarsely identiﬁed by whole states with the greatest areas of corn (Daloǧlu et al., 2014;
Grassini et al., 2014; Kellner et al., 2016; Tan and Liu, 2015). Others have
identiﬁed a Western Corn Belt (Grassini et al., 2011; Morell et al., 2016;
Sahajpal et al., 2014; Wimberly et al., 2017; Wright and Wimberly,
2013) and an Eastern Corn Belt (Auch and Laingen, 2015; Kellner et
⁎ Corresponding author.
E-mail address: tim.green@ars.usda.gov (T.R. Green).
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al., 2016) in the Midwest. Many studies within the region make no attempt to deﬁne the Corn Belt (Angel et al., 2017; Golecha and Gan,
2016; Liu et al., 2016; McLaughlin and Reckhow, 2017; Turhollow et
al., 2014). Thus, one may be left asking, “What is the Corn Belt, where
is it currently, and how is it changing?”
A few key studies have given geographical delineations of the Corn
Belt. The USDA published a 1949 map of the Corn Belt as a contiguous
region of the Midwest classiﬁed as predominantly “feed grains and livestock” (Bureau of Agricultural Economics, 1950). Later, Hart (1986)
published a geospatial map of the Midwest Corn Belt in 1982 using
county level statistics for corn acreage. He also mapped a soybean belt
and changes in corn acreage from 1949 to 1982. Hart noted, “The transformation of the Corn Belt began in 1933 when hybrid seed corn was introduced, but it did not really take off until after World War II.” Laingen
(2012) published an overlay of the contiguous Corn Belt geometries in
1919 (Baker, 1927) and 1949 (Bureau of Agricultural Economics,
1950) while providing an historical perspective of the term “Corn
Belt” being ﬁrst printed in 1882. Laingen (2012) then delineated the
2007 Corn Belt and analyzed changes from 1949 to 2007 in the
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geospatial area of corn. Finally, Metson et al. (2016) based a map of the
Corn Belt on the criterion of corn grain and silage production exceeding
200 kg per km2 of land area. They used corn production data from the
year circa-2000 (Monfreda et al., 2008), then applied a spatial ﬁlter to
smooth the resulting shape. Their Corn Belt region was delineated to estimate transportation distances for phosphorus fertilizers.
There remains a need for an efﬁcient, standardized yet ﬂexible
geospatial framework to quantify the Corn Belt in space and time for application to science, management, economics and policy issues. Others
have developed advanced methods for classifying landcover from remotely sensed (Landsat) hyperspectral multi-temporal imagery (Yan
and Roy, 2015) and delineating geometries of ﬁeld boundaries (Yan
and Roy, 2014; Yan and Roy, 2016). Here, we use available data (see
Methods below) and publically available web services to quantify the
intensity of corn areas at the county level, for example. The present objectives are to:
1. Map a recent (2010–2016) geospatial example of the Corn Belt
(areas planted in corn above selected thresholds) and demonstrate
its space-time dynamics,
2. provide publically accessible technical methods in a computationally
efﬁcient web-based tool to repeat the analyses for different time periods of interest and user-speciﬁed thresholds, and
3. illustrate potential interactions between the mapped Corn Belt and
irrigated areas.
2. Methods for mapping the Corn Belt
We offer a geospatial deﬁnition of the Corn Belt based on a 30-m
pixel resolution satellite detection of corn as determined by the USDA
National Agricultural Statistical Service (NASS) web-service CropScape
(Han et al., 2012). CropScape provides a Crop Data Layer (CDL) for
each year since approximately 2001 or earlier in some areas. We queried the CDL using the Landuse and Agricultural Management Practices
web-Service (LAMPS) (Kipka et al., 2016; LAMPS Wikipage, 2016) with
county-level polygons over the contiguous 48 states.
Kipka et al. (2016) derived a Conﬁdence Index that accounts for uncertainty in the satellite detection algorithm using the User Accuracy
values reported for each crop by state and year in CropScape (Han et
al., 2012). Limited independent testing of accuracy has been conducted,
but a detailed study in South Dakota (Reitsma et al., 2016) identiﬁed
cropland User Accuracy values of 0.897 for 2006 and 0.884 for 2012.
User Accuracy values for corn typically range from approximately 0.90
to 0.99 over the Midwest states. LAMPS generates the Conﬁdence
Index, denoted here as the modiﬁed areal Fraction of corn, Fc, as follows:
F c ¼ User Accuracy 

a
A

ð1Þ

asynchronous or randomized, even single-year queries would be unbiased, but some synchronization might be expected (see Supporting Information for an example of one county in Iowa using ﬁeld-scale
polygons to derive crop rotations). One factor favoring synchronization
is a quasi-biennial pattern in corn yield in Iowa related to climate variability (Malone et al., 2009). Temporal and spatial variability among
ﬁelds or management areas within each county means that one would
not expect to approach 100% spatial coverage of corn for each year.
For example, even if actual cultivated areas covered 80% of a county
polygon, 100% corn-soybean rotation would comprise only 0.5 × 0.8
= 0.4 or 40% corn in a given year. Thus, different threshold values of
Fc were explored to produce quantiﬁable patterns of corn intensity for
the Corn Belt.
We used the 2013 US Census county map (U.S. Census Bureau, 2013
(accessed on 5/16/2017)) as input data containing polygons and attributes for 3109 counties averaging 2511 km2 in size. LAMPS web-service
execution time is controlled primarily by the physical domain area, due
to the underlying 30-m raster maps, rather than the number of polygons queried. It takes 51 s on average for LAMPS to create the results
for an area of about 3000 km2. Processing the entire continental US
would require an estimated 44 h of sequential processing time, which
was considered unacceptable. Fortunately, polygons have no interdependencies, so can be processed in parallel. LAMPS uses a map/reduce
method (Wickham, 2011) that is implemented within the Cloud Services Innovation Platform (CSIP). CSIP is the underlying Model-as-a Service framework used to implement LAMPS (Lloyd et al., 2012). Upon
service invocation, the large polygon dataset is partitioned into smaller
sets, then processed in parallel in a cluster of many LAMPS services
(map operation). Finally, the service aggregates partial results into the
ﬁnal result set (reduce operation). The leveraged Kubernetes infrastructure deployed 5 LAMPS Docker containers in CSIP, with each container
running multiple instances of the LAMPS service. Docker (2017) is a
lightweight software deployment platform, and Kubernetes (2017) is
a container orchestration framework; both are well suited for scientiﬁc
applications.
An average partition size of 12,000 km2 provided near-optimal overall performance for this application. As a result, LAMPS processed the
3007 counties in 10.6 h on our CSIP cluster. Each container had 16
cores and 4 GB of memory available for this task.
The LAMPS output ﬁle, containing N 1 million rows, was imported
into a local relational database and queried with a single SQL (Structured Query Language) command to obtain all “Corn” vegetation records with an average Fc N 0.05. In a ﬁnal step, the query result was
joined with the county attribute table in a GIS and the county map
was reclassiﬁed to visualize the results.
3. Results

where A (m2) is the polygon area estimated by the total number of crop
raster pixels representing the polygon (county in this application), and
a (m2) is the pixel area of an individual crop class (corn) within the
polygon area. Here, we report the average Fc for each county (polygon)
over the period of years queried. CropScape coverage varies across the
contiguous 48 states, both in terms of time period and spatial resolution
of the data. We chose the period of 2010–2016 for which 30-m resolution data were available for all 48 states, even though parts of the Midwest have coarser data (56-m pixels) going back to 1997. Lark et al.
(2017) identiﬁed several limitations of the CDL, including changes in
resolution with time, and recommended practices for estimating general land-use change using the CDL. Here, the CDL is considered to be adequate for estimating annual sequences of corn at the county level.
Because corn is often planted in rotation with other crops, primarily
soybean in the Midwest, rather than as continuous corn from year-toyear, the metric for corn must consider some average intensity over
time and space. Thus, the time period queried with LAMPS generally
spans multiple rotation periods (e.g., four years spans two corn-soybean
rotations). If rotations of different ﬁelds within each county are

3.1. Corn patterns
Maps of the Corn Belt were generated using different ranges of Fc averaged for the years 2010–2016 (Fig. 1). Counties with average Fc between 0.20 and 0.58 (denoted as red) indicate the core, mostly
contiguous region of the Corn Belt, which is hereby quantiﬁed with a
known conﬁdence using Fc. In Iowa, where 87 out of 99 counties are
mapped as Fc ≥ 0.2, the average User Accuracy for this period is 0.984.
Thus one may estimate an uncertainty of ± 0.016 Fc. Over all 99
counties, the average Fc is 0.36 (36%) with an uncertainty of only
0.006. If most of this corn area is in a typical corn-soybean rotation,
the average fraction of total area is approximately 72%, which is roughly
consistent with a previous threshold of 80% corn-soybean (Hart, 1986).
By reducing the minimum Fc from 0.2 to 0.1, the total area of the
Corn Belt nearly doubles in size from approximately 650,000 to
1,100,000 km2 (see Fig. 2), but it becomes more discontinuous in
space (Fig. 1). Notably, this second threshold level encompasses
counties mostly on the edges of the core Corn Belt, and merges islands
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Fig. 1. Corn Belt region based on the temporal average of the modiﬁed areal Fraction of corn (Fc) values calculated for the years 2010 through 2016. Polygons are county boundaries within
each state. (For interpretation of the references to color in this ﬁgure, the reader is referred to the web version of this article.)

of Fc ≥ 0.2 into more contiguous areas in some states (NE, ND, MI, MO).
The third level of Fc ≥ 0.05 adds approximately 500,000 km2 to the total
area (Fig. 2), and continues the pattern of adding areas on the edges of
the ﬁrst two Fc ranges. Adding the two lowest Fc ranges resulted in a
more contiguous region that is connected to the core Midwest Corn
Belt, as well as some key discontinuous regions such as the southern
corridor of the Mississippi River and eastern states.

3.2. Irrigation patterns
Once the geospatial distribution of the Corn Belt is identiﬁed using
various Fc thresholds, many other questions may arise. For instance,

Fig. 2. Total Area (AT) of the Corn Belt versus the average modiﬁed areal Fraction of corn
threshold (min{Fc}); values of 0.05, 0.1 and 0.2 were used in Fig. 1.

“How much of the Corn Belt is irrigated, and to what degree within
each county?” To answer these questions, we used LAMPS to query
the USGS irrigation maps (U.S. Geological Survey, 2015) based on Moderate Resolution Imaging Spectroradiometer (MODIS) satellite data
taken every ﬁve years (to date: 2002, 2007, 2012). We chose the year
2012 because it is most relevant to our 2010–2016 Corn Belt map. Fig.
3 shows the percent area irrigated (blue color ramp) for each county
within the greater Corn Belt (Fc N 0.05). Note that irrigated area (%) reﬂects irrigation of all crops within the county, not only corn, and some
counties have both irrigated and non-irrigated corn. Green areas are
non-irrigated or rainfed (b1% irrigated area). The decision to irrigate is
based on many factors including the cost and availability of irrigation
water, precipitation (timing and amount), and potential evapotranspiration (PET, strongly inﬂuenced by temperature). Major rivers, a common source of irrigation water, are also shown on this map. In the
more western states of Nebraska (NE) and Kansas (KS), for example, irrigated corn is associated with the Platte River and Arkansas River, respectively. The Ogallala or High Plains Aquifer is a major water source
for parts of NE, KS and TX. Eastern Colorado also pumps groundwater
from the Ogallala Aquifer, but most of the corn area in CO is rainfed
based on the 2012 irrigation map. Areas irrigated by surface water in
CO and other parts of the west may comprise relatively small corridors
within each county, and such patterns are not resolved at the county
level. Irrigation is mapped along the Mississippi River, where groundwater pumping from the Mississippi Embayment Aquifer (Clark and
Hart, 2009) is a key to corn production in parts of Mississippi (MS), Louisiana (LA), Arkansas (AR), Tennessee (TN), and even corners of Missouri (MO) and Kentucky (KY). Pockets of irrigated corn also show up in
Texas (TX), for example.
Another interesting feature in Fig. 3 is the non-irrigated area of the
Corn Belt. Iowa is fully encompassed by the Corn Belt, but most of this
corn (or corn-soybean) production is supported by natural precipitation
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Fig. 3. Irrigation of the Corn Belt region (Fc N 0.05 in Fig. 1) based on the 2012 Irrigated Agriculture Dataset for the United States (MIrAD-US) upscaled for each county (Brown and Pervez,
2014; U.S. Geological Survey). (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

(e.g., ranging from about 700 to 1000 mm/yr in Iowa). Both, climate and
soils play roles in this pattern. Deep soils with high water-holding capacity make agricultural systems more resilient to periods with low precipitation (designated as drought or otherwise) than in areas such as
the western/southwestern edges of the Corn Belt that have shallower
soils, much lower precipitation (e.g., 400 mm/yr in southeastern Colorado) and high PET (e.g., 1800 mm/yr) (Ascough et al., 2010). In these
areas, corn is often replaced with sorghum if irrigation water is limited,
and other factors may also affect the spatiotemporal distribution of sorghum (Laingen, 2015). In general, crop irrigated area tends to be lower
in the northern states, where seasonal temperature and evaporative demand is lower, and in eastern states where precipitation is higher.
3.3. Corn Belt dynamics
We also asked, “How has the spatial pattern of the Corn Belt changed
in time?” Many factors likely inﬂuence such changes, including climate
change (Bhattarai et al., 2017), global demand for corn, biofuel production for ethanol, subsidies (Clay et al., 2014; Wright and Wimberly,
2013), and crop prices. Coincidentally, corn grain price peaked in 2012
(Macrotrends, 2017). LAMPS can query CropScape for any set of years
to look for such changes, and we chose to look at the most recent
years in deﬁning our Corn Belt. We used two available periods of
2010–2012 and 2014–2016, where the gap year of 2013 was excluded.
We also analyzed change with two periods of four years each overlapping on 2013 to include two cycles of a corn-soybean rotation. However,
test results (see Supplementary Information) indicated that countylevel analyses are not strongly affected by synchronization of crop
phases. As expected, analysis including 2013 as overlap year (not
shown) reduced the computed change slightly.

Fig. 4 shows the change in average Fc (ΔFc) for each county. By plotting the change in Fc value instead of a percentage change, absolute
changes in corn area are illustrated. Percent change may over-emphasize changes in locations where the base level (Fc for 2010–2012) was
small. In this illustration of change (increase or decrease indicated by
|Δ Fc | N 0.01), the minimum magnitude of change may be relatively
small. In the case of decreased Fc, the greatest magnitude is under 10%
(Δ Fc = − 0.099) at the county level, and the maximum increase is
only Δ Fc = 0.058. The net change or average Δ Fc over all counties in
the delineated Corn Belt is − 0.00278 or a decrease of approximately
4400 km2 or 440,000 ha. Additional ΔFc classes could be mapped if desired for detailed assessments.
Many counties are mapped as having no major change in the area of
corn (tan). The state of Minnesota (MN), for example, had very little
change overall and only a few counties with increases (red) or decreases
(blue). There are four main contiguous areas of decreased Fc. The largest
and most central area of decreased Fc in the Corn Belt covers most of Illinois (IL) and parts of Iowa (IA). Corn acreage has also decreased in
western Kansas (KS) and eastern Colorado (CO) near the western
edge of the Corn Belt. Another pocket of decreased corn lies in the
south, where growing corn is highly dependent on irrigation water. Finally, we see a region of decreased corn in the northeastern states;
whereas there are no decreases in the southeastern states. The main
area of contiguous corn intensiﬁcation (positive changes in Fc) lies in
the Dakotas (ND, SD), which concurs with more regional detailed results for the period 2004–2014 showing associated conversions from
grasslands to croplands (Wimberly et al., 2017). These counties with increased corn overlap the northwestern extent of the core Corn Belt (Fig.
1) and indicate a pattern of growth to the northwest in both irrigated
and non-irrigated areas. Other areas of increases are mottled with a
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Fig. 4. Change in average modiﬁed areal Fraction of corn (Fc) based on Crop Data Layer (CDL) data for 2013–2016 minus CDL data for 2010–2013, where 2013 is an overlapping year for
these periods. Positive (red) values indicate increased areas planted in corn. Absolute changes of Fc b 0.01 (tan counties) are considered insigniﬁcant or areas of no change for mapping
purposes. The mean change in Fc over all counties is 0.0035, which is an equivalent net areal increase of 5600 km2. (For interpretation of the references to color in this ﬁgure legend,
the reader is referred to the web version of this article.)

cluster of counties in southeast Nebraska (NE), northeast Kansas (KS)
and northern Missouri (MO).

4. Discussion
There are many short- and long-term factors inﬂuencing whether
producers grow corn (e.g., projected crop prices and weather, changing
climate, cost of inputs, availability and cost of irrigation water, and ethanol subsidies or lack thereof), and these factors likely interact. A careful
study of these interactions and causative factors is beyond our current
scope, but others are endeavoring to use CDL information to address factors causing cropland dynamics (e.g., Lark et al., 2015; Stoebner and
Lant, 2014; Wright et al., 2017; Wright and Wimberly, 2013). For such
studies, maps such as Fig. 4 can be readily generated using LAMPS in
the framework present here, and used together with other knowledge
to better predict or understand the causes of space-time changes.
The spatial correlation of change in Fc could also be analyzed for
other purposes, particularly for quantifying the impact of the change.
Changes in the distribution of corn will affect transportation and storage
of grain, with implications for interstate commerce and regional fertilizer and agrochemical use. One could also project spatial patterns of
change forward in time based on historical trends and expected driving
factors, such as the drought in 2012. The resulting morphology of the
Corn Belt (projected from Fig. 1) could affect wildlife migration and
other ecosystems services. Here, the pattern is presented simply to illustrate the potential for exploring various systems that interact with the
dynamics of the Corn Belt in space and time.

This analysis demonstrated that the Corn Belt can be geospatially
quantiﬁed, thus answering the question, “Where is the USA Corn
Belt?” Yet the answer is not static, and the geographic extent of Corn
Belt will vary based on the speciﬁc questions of interest. As deﬁned
here, the core area of the Corn Belt (2010–2016) encompasses large
areas of 8 Midwestern states including SD, NE, MN, IA, WI, IL, IN and
OH. Dynamics of the Corn Belt can also be queried for user-deﬁned periods, which may inform various stakeholders, including those interested in agricultural economics and food security, biofuel production and
greenhouse gas emissions, and others who need a quantiﬁable reference area for the Corn Belt and its changes over time. The spatial distribution and intensity of irrigation is clearly tied to available water
resources, linking food and water security. Such maps may be useful
to planners and policy makers.
In addition to the outputs illustrated here, users can obtain representative crop rotations through linkage of LAMPS with the Land Management Operations Database (David et al., 2014). Finally, LAMPS is free
and readily available (LAMPS Wikipage, 2016) as a web service for
any user to query their region at any level of spatial detail N 30 m.
Users can customize the Fc thresholds to be used, and other crops or
land uses could be investigated.
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Supplementary Information
Materials and Methods. Spatial variability of corn grain yield within and among fields
has been estimated from satellite imagery (Lobell and Azzari, 2017). Fully exploring the
question of randomness versus synchrony of the corn phase in crop rotations within each and
every county is beyond the scope of the present study. However, field boundary geometry data
were available for counties in Iowa (Tomer, 2016), which allowed us to illustrate the variability
within one county. Field-level data provide series of annual dominant crops within each field.
LAMPS has a second option to fit temporal series to representative crop rotations for each region
using a genetic similarity algorithm (Kipka et al., 2016). Crop rotations are also temporally
referenced, so a two-year corn-soybean rotation can be identified as having corn in either even or
odd years for each field. Corn may also be identified in more or less intensive rotations or as
continuous corn, similar to pixel-based crop rotations (Sahajpal et al., 2014), and “other” field
crops or rotations without corn may be identified using the field boundary polygons.
The algorithm in LAMPS for matching crop sequences to representative rotations uses an
adjustment factor () to optimize similarity between detected and representative rotations. The
matching process in LAMPS uses the Adjusted Average Confidence Index (AACI ):

1 n
 CIi
n i 1
AACI 
1   n  1  
max  CI  

[S1]

where CI is equivalent to Fc, but for all detected crop types, n is the number of years of data used
from CropScape, max(CI) is the maximum value of CI in n years, and is the weighting factor
that causes the average CI to be “adjusted” to favor longer rotations. The optimal value for a test
case in Colorado was = 0.15 (Kipka et al., 2016), whereas for this case in Iowa the optimal
value is = 0.30.
Example Results. Fig. S1 is a map of the results within Wright County, IA for the years
2010-2016. Orange and green classes show corn-soybean and soybean-corn rotations with corn
in even or odd years, respectively. The map also shows fields classified as “majority corn” with
corn detected in 5 or 6 of the 7 years, or “continuous corn” with all 7 years planted in corn. The
spatial pattern of these classes is neither completely random nor highly spatially correlated.

Page | 1

Visually there is some degree of auto-correlation between adjacent fields and fields within short
distances of each other, but no major spatial continuity. Geospatial analyses, such as those
applied to crop rotations outside of the Corn Belt (Mueller-Warrant et al., 2017), were not
pursued for this illustration.
The number of fields with corn-soybean (4 years of corn in 2010-2016) and soybean-corn
(3 years of corn) are not exactly equal in Wright County (Fig. S2). The difference is causes by
other rotations with 4 years of corn and a small degree of synchronous management, whereas the
similar magnitude indicates the farmers are not synchronizing rotations overall within this
county. Among only corn-soybean rotations (both odd and even year phases) the average fraction
of corn was 0.51, while the average fraction of soybean was 0.49. This finding (illustrative only)
combined with a limited number of fields with only 1 or 2 years of corn support the assumption
that the current results are not strongly affected by synchronization of management patterns
within each county, even when averaging over only two years (each frame of Movie S1).
Interested readers are referred to a broader nine-state study (Plourde et al., 2013) which used
CDL data to identify corn area versus the fraction of years of corn for 2003-2010.
Finally the county level results are based upon the fraction of area in corn, not the
number of fields, but those two quantities are closely related (Fig. S2) for rotations with 3 or
more years of corn. Fig. S2 shows that fields with less intensive corn (1 or 2 years) or no corn (0
years) have smaller polygon areas in general. Thus, these polygons have less influence on the
county level results.
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Fig. S1. A map of fields in Wright County, IA shows alternating cornsoybean rotations, more intensive corn, and “other” crop rotations
without corn. Corn-soybean and soybean-corn rotations have corn in
even or odd years, respectively, for the years 2010-2016. Areas with no
color (white) were excluded as urban areas, road corridors, or water
bodies. The total number of fields/polygons is 5882.

Fig. S2. Histogram of the number of fields with 0-7 years of corn in the
period of analysis (2010-2016) and the associated fractions of the total
county area. Corn-soybean and soybean-corn rotations starting in 2010
have 3 and 4 years of corn, respectively.
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Movie S1. Animation of the interannual Corn Belt dynamics from 2010-2016 can be
viewed at: https://alm.engr.colostate.edu/cb/item/13580 (scroll down to “Example Applications”
and click on the “CornBelt.avi” link. The file “CornBelt.mp4” was also uploaded as Supporting
Information.
We queried two-year periods and computed the running average for each year (frame) of
the video. Viewers may watch the video play (3 seconds per frame), but more detailed inspection
is possible by pausing the video and stepping manually through the frames.
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